Natural and cultural heritage management is dependent on knowledge about present species and habitats and presence of cultural heritage sites, respectively. Knowledge about long-term development helps to identify factors explaining both biodiversity and cultural heritage and to predict future changes based on changes in, for example, climate or grazing regimes. In the present interdisciplinary study, vegetation surveys, pollen analysis from a bog and soil profiles within archaeological localities, archaeological test-excavations and historical data have been combined to elucidate cultural landscape development in an upland landscape of Erdalen in Stryn, western Norway. Activity in what is now the summer farm area started in the Bronze Age, followed by clearance and grazing in the Early Iron Age. After a period of reduced activity, most of the valley seems to have been utilised for summer farming in the Late Iron Age and first part of the Medieval Period. A regression period, probably related to the Black Death, is followed by new activity with extensive woodland clearings from the seventeenth century, whereas recent changes have resulted in increased tree cover. The investigations show a close relationship between land-use practices, presence of grassland species and vascular plant species richness. They also show the importance of continued management for existence of semi-natural habitats in the future, and for the visibility of archaeological sites.
Introduction
Landscape conservation areas and national parks in Norway are established with the aim to protect species, landscapes and cultural heritage for the future (Norwegian Nature Diversity Act of 19 June 2009). Permanent impact on natural or cultural heritage is prohibited in the national parks, unless this impact is essential for fulfilling the protection aim. Within nature conservation the aim has often been to maintain natural vegetation communities or re-establish what is believed to be natural vegetation, without considering the history of the present vegetation (cf. Birks 1996; Willis and Birks 2006; van Leeuven et al. 2008; Birks 2012) . Moreover, the consequences of protection in relation to previous management are not always considered. Included in landscape conservation areas and national parks are upland landscapes: areas developed through generations of activities such as grazing, wood-cutting and haymaking, resulting in semi-natural habitats which are today threatened by forest succession. The DYLAN project (http://www.vm.ntnu.no/dylan/; Solem et al. 2012 ) aims to develop a new framework for the management of natural and cultural heritage in upland Landscape Conservation Areas (LCA) in Norway, with focus on knowledge of long-term natural and cultural *Corresponding author. Email: kari.hjelle@um.uib.no variability in these landscapes. This article presents the results of interdisciplinary studies in one of four study areas within the DYLAN project: the mountain valley Erdalen in western Norway protected for its natural and cultural heritage values. The aims of the study are to (1) survey today's extent of and recent changes within semi-natural habitats, (2) study the distribution of vascular plants within the semi-natural habitats regarding species richness, indicators of traditional land-use and other grassland species, (3) identify the history of these semi-natural habitats and periods of human activity and (4) study relationships between grazing pressure and vegetation through time. By this we aim to explore the great potential of long-term perspectives on natural heritage conservation, and to point at contributions from natural heritage conservation for the management and conservation of cultural heritage.
Management of natural and cultural heritage, respectively, is undertaken by different governmental institutions and is usually seen as two separate areas of conservation and research, and rarely discussed in joint approaches (Lowenthal 2005; Skår et al. 2008 , but see Speed et al. 2012) . In protection and conservation of natural heritage, biodiversity preservation is a crucial objective as expressed by The United Nations Convention on Biological Diversity (http://www.cbd.int/). Species threatened by extinction have often been the main issue of biodiversity conservation (e.g. Kålås et al. 2010 ) and protection of the species' habitats is essential to halt today's loss of biodiversity. Hence, vulnerable and threatened habitats have become the focus of, for example, the EU's habitats directive, and Norway's recent Nature Diversity Act (2009) .
Cultural heritage management focuses on the automatic protection of archaeological monuments and sites predating 1537, standing structures originating from the period 1537-1649 and Sami monuments and sites more than 100 years old (Norwegian Cultural Heritage Act 1978) . Following the Norwegian Cultural Heritage Act (1978: Mandatory inquiry §9), archaeological surveys and excavations are carried out prior to developments. Within this process, palaeobiological studies are normally carried out in collaboration with archaeology with the aim of acquiring information about human activity and economy in the past. In most cases, less focus are directed towards the recent vegetation development on the heritage sites.
There is an increasing awareness of the importance of long-term trends in ecology for understanding today's vegetation and species richness. This includes time scales that go beyond those available through vegetation surveys, and information is gained through palaeoecological methods (e.g. Davis 1994; Birks 1996; Foster et al. 2003; Willis and Birks 2006; Froyd and Willis 2008) . The importance of combining palaeoecology, archaeology and history to understand cultural landscape development is well known (e.g. Berglund 1991; Gaillard et al. 2009; Odgaard and Rømer 2009 ) and is also recognized as important for conservation and management (e.g. Lindbladh and Bradshaw 1995; Willis et al. 2004; Hanley et al. 2008) .
To understand the vegetation changes taking place today and predict possible future vegetation changes in Erdalen, a combined investigation of ecology, palaeoecology, history and archaeology has been carried out. In this article, special attention is given to the palaeobotanical data, which both connect ecology with long-term changes and put archaeology into a landscape perspective. By this, we hope to be able to understand interactions between the people and nature through time. Based on our studies, we will give some recommendations for conservation of natural and cultural heritage in a protected upland landscape such as Erdalen.
Materials and methods

Introduction to the study area and summer farming
In this article, we study the valley Erdalen, situated in the local authority district of Stryn in Jostedalsbreen National Park (see Figure 1a ), to demonstrate comprehensive knowledge obtained by an interdisciplinary collaboration through field work, analysis and interpretation of data. Erdalen was incorporated into Jostedalsbreen National Park in 1998 with the aim of protecting a glacier and its surroundings from the lowland to the mountains, and to protect cultural heritage and cultural landscapes. It is acknowledged that the protected valley is highly influenced by human land use. As a result of plans for developing hydropower in the mountains surrounding Erdalen, archaeological surveys and pollen analytical investigations were carried out in the 1970s and 1980s (Bolstad and Kvamme 1980; Kvamme and Randers 1982) . These initial investigations did not result in further studies since the plans for development were abandoned and Jostedalsbreen National Park was established (1990), but several archaeological sites were recorded and pollen analysis gave indications of grazing in the valley in prehistoric times. Although not documented so far, evidence from adjacent areas may suggest that the earliest human activity in the Erdalen valley dates back to the Stone Age. Due to the presence of artefacts with a western Norwegian coastal origin in the alpine areas above Erdalen, it has been argued that the earliest use of the valley took place in the Mesolithic, in a period that predates the new formation of the Jostedalen glacier c. 6000 cal BP (Nesje and Kvamme 1991) . The main argument is derived from finds of tools of diabase and rhyolite in the alpine area that have a provenance in quarries in western Norway, dated to the Mesolithic and Early Neolithic periods, respectively (Randers 1986) . It is far from clear how frequently the valley was used or why the mountain areas were used by people with a potential coastal origin. During the Late Neolithic, a settlement expansion into the fjord areas of western Norway is seen (Diinhoff 1999; Hjelle et al. 2006) . Cereal cultivation in the main valley has been dated to this time period (Soltvedt 2000) , and the utilisation of other mountain areas for grazing in the Late Neolithic and Bronze Age is documented through pollen data and bone remains of sheep/goat (Kvamme et al. 1992; Hufthammer 1995; Hjelle et al. 2006 ). This early agrarian settlement has, so far, not been recorded in Erdalen.
In the 1980s also vegetation surveys were carried out, but with little attention paid to the summer farm areas of Erdalen (Meyer 1984) . In this article, we have focused on semi-natural habitats of the traditional cultural landscape and the management of these habitats today and through time. These habitats are now becoming rare all over Europe due to intensified agriculture or, in contrast, agricultural abandonment (Fremstad and Moen 2001; Stoate et al. 2001; Jansen et al. 2009 ). In Norway, outlying hay meadows and pastures used in the past were not ploughed or fertilized. These low-productive, seminatural grasslands are now seen as endangered (Lingaard and Henriksen 2011) , and are in urgent need of protection. For example, 45% of the alpine red-listed vascular plant species in Norway mainly occur in semi-natural grasslands (Kålås et al. 2006 ). Losvik (1993) studied hay meadows in western Norway, and recorded a number of vascular plant species growing almost exclusively in unfertilized sites. These species can be used as indicators of areas with little or no fertilization and may also provide habitats for other species which are now rare or vulnerable due to the changed land use. The relative abundance of these and other grassland plants provides a way to interpret recent and historic species composition with regard to land-use type and intensity, an approach that we use in the present investigation.
Within the traditional farming system, from prehistoric times to about 1950, summer farming provided an important source of fodder for the livestock. The Gulating law from the eleventh century states that 'nobody was allowed to have more cows on pasture than he could feed over the winter' (GT 81), indicating that the supply of winter fodder was the limiting factor for the number of livestock. The main hay harvest in Norway around 1850 was still outlying hay meadows, and additionally also leaves of deciduous trees had to be used (Gjerdåker 2004: 252) . The Gulating law also states that 'horn shall meet horn and hoof meet hoof' (GT 48, 86) , in other words, grazing land were held in common and the summer farm area was under joint ownership. In addition, the laws of 1604 and 1687 demonstrate that the old rules for grazing and mountain dairy farming were followed, even to the beginning of the twentieth century. The desired result for the farmer was to get a balance between infields with cultivation and fodder production, and outfields with grazing and fodder harvest (Gjerdåker 2004: 252) .
Nature and culture in the study area
The Erdalen study area is located within Jostedalsbreen National Park, in a NW-SE-oriented valley to the north of the glacier (Figure 1 ). Farms are located in the lower lying north-western part of the valley, whereas the National Park and our study area start from ∼350 m a.s.l. and include the summer farms. Erdalen has two summer farm areas: Storesaetra (with buildings owned by the farms Erdal, Berge and Rygg) and Vetledalsseter (with buildings owned by the farms Tjellaug and Greidung). The right to use grazing land is based on old practice and common law and is organised in farming associations ('seterlag') with joint grazing areas. The two summer farm areas are found ∼500 m a.s.l., surrounded by open grass-dominated pastures and separated by open forest on river banks and glacial outwash plains ('sandur'). The valley bottom is surrounded by mountains reaching ∼1800 m a.s.l., with steep Figure 2 . The investigated summer farm areas: Storesaetra (to the left) and Vetledalsseter (to the right). The big boulders at both summer farms make natural rock shelters. mountain slopes with screes and boulders. Colluviums are continuously developing providing opportunities for lightdemanding species to establish. Below the forest limit, which goes up to 600-700 m a.s.l., the vegetation is deciduous forest dominated by birch (Betula) and grey alder (Alnus incana). These open vegetation types are also grazed. The nearest climate station, 201 m a.s.l., has a mean July temperature of 13.5 • C and a mean January temperature of -1 • C (Aune 1993) . The mean annual precipitation is 1137 mm (Førland 1993) . The proximity of Erdalen to the glacier causes considerably lower temperatures and higher precipitation at the summer farms.
The 13 buildings at the summer farm at Storesaetra lie in two rows at the bottom of the mountain slope, with gables facing the main pasture (Figure 2a ). Generally the houses are 3-4 m by 6-7 m and divided into two rooms. The inner room or living room, with fire place for cheese production, is built of logs, while the outer room with the entrance is built from a framework construction. Several houses are dug into the slope with a stone-built byre below the house. Others have small free-standing stavebuilt byres. The roofs were traditionally covered with birch bark and grass turf, but today most have roofing in modern materials. The five buildings at Vetledalsseter are of the same type. Based on the surveys of the standing buildings (Borchgrevink 1978) , it is clear that they are standard built with more or less fixed sizes. The buildings were constructed following a tradition from prehistoric times; a building technique with stave/post or timber joint construction which continued until the end of the nineteenth or early twentieth century (Brekke and Schjelderup 1997) .
Prehistoric cultural remains from the farms in Erdalen, which can inform about the permanent settlement, are only documented from the farms Erdal and Rygg (Fett 1961) . The finds were discovered at the end of the nineteenth and early twentieth centuries due to cultivation of new areas. From these two farms, four Viking graves and several axes and spears were found. The quality of the finds, together with material from the inner area of Oppstrynsvatnet, demonstrates that people were economically and socially strong. The well-equipped female graves indicate that women had the same responsibility for farms as men, whereas the full set of weapons indicates that the farmer was a free man with all social rights. A votive deposit from the Bronze Age at one of the farms (Fett 1961) indicates human activity in the area at this early stage. Several rock art sites from the same period have also been found further down the Stryn valley and out along the fjord which might indicate the importance of the inner fjord and lower valleys from the Bronze Age.
The cultural landscape in the study area mainly reflects summer farming with its buildings and pastures ( Figure 2 ). Summer farming gave an essential supply of livestock fodder, and in Erdalen, grazing and winter fodder harvest took place. The activity at the summer farm also included cheese production and use of the forest for firewood. Summer farming ended c. 1960 and the area is today used for grazing by modern cattle breeds (mainly 'Norsk Rødt Fe') during summer time (∼250 cattle in July and August).
The roads to the summer pasture start at Greidung and follow the east side of the valley (Figure 1a ). The path follows slopes, naked rock and bogs, and is well adapted to the local landscape. In problematic areas, the path is built up with stones and slabs. Due to the many landslides at the western side of Erdalen, the farmers have built strong stone fences as protection for cattle and sheep. The geographical position of Jostedalsbreen, covering a large mountain area from west to east, has resulted in a long tradition of transportation between valleys on each side of the glacier.
Interdisciplinary approaches
The interdisciplinary approach includes comparisons between present and past vegetation by using the same classification of vegetation and pollen data. The vegetation surveys are based on transects that cross the archaeological sites and the pollen core site. Pollen samples taken from soil profiles within archaeological contexts further connect the bog pollen diagram with archaeology. The recent natural and cultural history is elucidated by synthesising vegetation as illustrated by aerial photos with data on historic land use. The main methods used are described below (for further details, see Hjelle et al. (2012) ).
Vegetation survey and mapping
The recent vegetation changes were studied at two levels: vegetation maps and vegetation plots. By showing the relationship between open areas and woodlands at two points in time, the maps are meant to detect a possible reforestation in the study area. Sampling of vegetation plots implies studies at a more detailed level, suitable to detect remnants of unfertilized, semi-natural grasslands.
The vegetation around the summer farms in Erdalen was surveyed by recording vascular plants in plots of two sizes, 'cover-plots' (2 × 2 m) where cover of each species (%) was recorded, and 'presence-plots'(1 × 1 m) where merely the presence of species was recorded. The main pasture areas at both summer farms were surveyed by cover-plots placed at regular intervals along two transects crossing the pasture area and continuing into the surrounding vegetation. Open and forested vegetation outside the main pasture areas were surveyed more briefly by sampling in presence-plots. Ideally, these plots should be placed at regular intervals along extensions of the former transects, but this was impossible due to the scarcely accessible terrain and steep hills in the area. Instead, each plot was placed after a fixed number of steps when walking from the pasture area towards one of the peaks surrounding the valley, continuing as far up as regarded secure, and also along the river banks between the two summer farms. Additionally, randomly selected check points for red-listed species (Kålås et al. 2010) were recorded as presenceplots and included in the study. A total of 19 cover-plots and 66 presence-plots were recorded in July and August 2009 and 2010.
In the presentation and analyses of data, the species are classified as grassland species and other species. The grassland species are divided into 'traditional species' (species not tolerant to fertilization) and 'trivial species' (species indifferent to fertilization or dependent on high nutrient supply), both according to Losvik (1993) (Table 1) . A dominance of traditional species in an area indicates semi-natural grassland habitat with little or no fertilization, and hence areas where vulnerable grassland species may survive.
The relationships between open areas and woodlands of Erdalen in 1967 and 2005 were mapped based on digitised and rectified aerial photos (1967) and Ortho photos (2005) . The lines between the different vegetation units were manually drawn, resulting in polygons reflecting areas with similar vegetation. Minimum size of a polygon equals the area covered by approximately three tree crowns. The polygon feature was converted to a raster data set (resolution 5 × 5 m), and pixels of similar units were merged. Percentage cover of each map unit was calculated based on number of pixels covered. The map production and analyses were performed using ArcGIS 9.3.1 (ESRI©).
Historical data
Information on the land use since the 1960s was obtained from the land owners, from the local authority district of Stryn and from literary sources (Berge 1959; Borchgrevink 1978; Berge 1989) . Data for 1939-1959 originated from the Norwegian censuses of agriculture, obtained from The National Archives of Norway, and data on livestock Table 1 . Recorded traditional and trivial species according to Losvik (1993) and the corresponding pollen type.
Plant species recorded
Pollen type Aaland (1973) , originally from the first property registers of Norway. The agricultural censuses and the property registers are recordings by the public authorities. As the first property registers of Norway were meant as a basis for tax assessment, it can be argued that the farmers deliberately might have reported too low numbers of their livestock. On the other hand, this would be difficult in a small place where the circumstances are quite transparent. Several agreements set up before 1900 aimed to limit the number of sheep and goats in the summer farm area. Hence, the number of these livestock in the summer farm area in the first part of the twentieth century is uncertain. Information on the land use in 1998 and 2008 was confirmed by the farmers interviewed in this study.
Vegetation history
The pollen-sample core was taken from the bog at Storesaetra, 15 m from the pasture/bog transition (Figure 1b and c) . A trench was cut in the bog and a monolith (15 × 15 × 100 cm) sampled from the profile wall. Pollen samples from archaeological contexts were taken from the profile walls after test excavations (see below).
Pollen samples were processed using standard methods with 10% KOH, acetolysis and hydrofluoric acid (Faegri and Iversen 1989) . The samples were stained using fuchsin and mounted in glycerol. Identification follows the keys in Faegri and Iversen (1989) , Punt and Hoen (1995) and the reference collection at the University of Bergen. Trifolium ssp. is split into Trifolium repens-type and T. pratensetype, and Rumex sect. Acetosa into Rumex acetosa-type and Rumex acetosella-type according to Odgaard (1994) . Coprophilous fungi (Podospora and Sordariaceae) follows van Geel et al. (2003) .
The results are shown as pollen percentage diagrams (Figures 4 and 6) . Pollen herb data are grouped into traditional, trivial or other species (Table 2) . Pollen grains are in some cases identified to species level, and in others to genera or family. In most cases, however, there are only a few possible species and the pollen taxon can confidently be assumed to reflect species growing in the valley. A total curve showing the relationship between trees and shrubs, dwarf-shrubs and the three groups of herb species (traditional, trivial, other) is shown to the left in the diagrams, followed by selected pollen and spore types. To the right in the bog diagram (Figure 4 ), the amount of microscopic charcoal and estimated palynological richness are shown. Palynological richness is estimated using rarefaction analysis in the programs RARECEP and RAREPOLL (Birks and Line 1992) . This estimates the expected number of taxa given that the same number of pollen grains had been counted in all samples. The lowest pollen sum makes the basis for the analysis. The pollen diagram is divided into local pollen zones (LPZs) based on similarities and differences in the pollen composition through time.
Archaeology
Previously registered archaeological sites, which were mainly charcoal layers in open areas or below rock shelters, but also pits and structures of unknown use (Bolstad and Kvamme 1980; Kvamme and Randers 1982) , were re-opened by excavating test-pits of size 50 × 50 cm (Figure 1c ). Samples for pollen analysis and radiocarbon dating were taken from profile walls. Additional, new test pits were excavated in the summer farm areas and the same methodology for sampling was carried out.
The Directorate for Cultural Heritage and the County Governor of Sogn og Fjordane approved sampling of data associated with archaeological sites within the protected landscape.
Radiocarbon dates and archaeological periods
The chronology is based on radiocarbon dating (accelerator mass spectrometry) of charcoal from archaeological contexts and bulk peat samples from the bog ( Figure 5 , Table 2 ). Dating was carried out at the National Laboratory for 14 C dating at the Norwegian University of Science and Technology in Trondheim in collaboration with the Tandem Laboratory, University of Uppsala, Sweden, and at Beta Analytic Inc., Miami, USA. All dates are given with two standard deviations. The dates are calibrated using OxCal v3.10 (Bronk Ramsey 1995 Ramsey , 2001 .
The chronology of the bog pollen diagram (Figure 4 , left) is estimated based on the middle value of the calibrated radiocarbon dates in the four dated levels (Table 2) . A stratigraphic change at 10 cm towards less silty and less decomposed peat is thought to reflect an increased accumulation rate. This change possibly reflects a change in the activity in the area (less erosion due to decreased activity) and the date 1950 is set to this level.
The following terminology and chronology in calibrated years is used: Mesolithic (until 4000 BC), Early Neolithic (4000-3300 BC), Middle Neolithic (3300-2300 BC), Late Neolithic (2300-1800 BC), Early Bronze Age (1800-1200 BC), Late Bronze Age (1200-500 BC), Early Iron Age separated into Pre-Roman Iron Age (500 BC-AD 1), Early Roman Iron Age (AD 1-200), Late Roman Iron Age (AD 200-400), and Migration Period (AD 400-570), Late Iron Age separated into Merovingian Period (AD 570-800) and Viking Period (AD 800-1030), and Medieval Period (AD 1030-1537) separated into early (AD 1030-1130), high (AD 1130-1350) and late (AD 1350-1537) medieval time.
Results and interpretation Vascular plant species richness
In total, 166 vascular plant species were recorded in the vegetation plots, among which were 26 trivial and 20 traditional grassland species. Grassland species are abundant in most of the study area. The highest number of traditional species is found on grazed sites at some distance to the summer farms ( Figure 3) where we also find the highest species richness. The main pastures adjacent to the summer farms have very few traditional grassland species, but a relatively high number of trivial species is found: one traditional and eight trivial grassland species on average per sample in the pasture by Storesaetra, and 3 and 10 species, respectively, at Vetledalsseter. Ramsey 1995 Ramsey , 2001 ) and are given with two standard deviations. Analysed pollen samples in the dated level are marked (see Figure 6 ). a Conventional dates carried out in 1980 -1981 (Kvamme and Randers 1982 . 
Vegetation development and human activity on a long-term time scale
The long-term vegetation development from c. 2000 BC until today is reflected in the pollen diagram from the bog. The diagram is divided into seven pollen zones, reflecting the main development in the local vegetation (Figure 4) . The radiocarbon dates ( Figure 5) indicate the presence of people in the valley from c. 700 cal BC until present day. The archaeological sites in the valley include nine rock shelters below large boulders, two charcoal pits, nine openair sites with charcoal layers and cultural layers (one site), the remains of a possible house and a stone structure that might be a dwelling feature (Table 2 ). Pollen samples are analysed from seven of these sites ( Figure 6 ). The rock shelters (Figure 2 ) are in their natural state and were probably used repeatedly for short-term occupation. This is supported by test excavations within the sheltered area which reveal charcoal layers most likely originating from small fire places. The stratigraphy associated with the two charcoal pits reveals repeated use, most likely associated with food preparation or food production (cooking pits). This could both be linked to summer farming or to the processing of occasional prey from hunting in nearby areas. The pit contents were sieved, but did not reveal any bones or other remains, such as slag or cinder, that could have indicated any type of activity, for example, metal work. The size of these structures seems to exclude the production of charcoal and/or tar. Most of the openair sites with charcoal are probably associated with either fire places (e.g. camp fires) made by herders or summer farmers, or refuse from cooking pits, where the pit structure is no longer visible on the surface. The cultural layer is associated with the dwelling feature at Storesaetra, and sequenced in several levels indicating repeated use. The content is charcoal, mixed with soil of a fat consistency. It is likely that this is a midden from a temporary dwelling site, or quite likely a summer farm.
In relation to the archaeological test-excavations, pollen samples from the soil profiles are taken from layers under, in and above layers with observed charcoal. Pollen samples from archaeological contexts may reflect the vegetation at the sites and in the nearby surroundings, but can also reflect pollen transported and deposited by human activity (e.g. from plant remains such as hay or branches stored at rock shelters) or by animals (e.g. pollen in the wool of sheep or in dung). These sources may be identified when extremely high values of some taxa are observed in the pollen assemblage, as was the case for a few samples in Erdalen (S1, S3C), or when special taxa are present. In many cases, however, the anthropogenic sources may be difficult to identify. Pollen preservation in archaeological contexts may be poor, resulting in high amounts of corroded pollen grains and over-representation of resistant pollen and spore types (Dimbleby 1985; Bunting and Tipping 2000; Tipping 2000) . This is the case for the samples from site V3C and V3D (pollen samples 1, 2, 20). In such cases, presence of a pollen type indicates the presence of that species in the vegetation, but nothing can be said about its abundance in the vegetation or the vegetation community. There is also the issue that an absence of pollen taxa does not mean that the taxa were absent.
The main results from the bog pollen diagram (Figure 4 ), archaeology (Table 2, Figure 5 ) and on-site pollen analysis ( Figure 6 ) are summarised below. Table 2 .
Bronze Age and Pre-Roman Iron Age (1800 BC-AD 1); limited evidence of human activity (sites V1 and S3B) Pollen diagram
LPZ-1 has high values of tree pollen, indicating an open deciduous forest dominated by birch (Betula) and alder (Alnus), and relatively high values of elm (Ulmus) and rowan (Sorbus). The understory comprises dwarf-shrubs (e.g. heather (Calluna), bilberry (Vaccinium)), herbs (e.g. meadowsweet (Filipendula), cow-wheat (Melampyrum), nettle (Urtica)) and continuous registrations of three trivial taxa: grasses (Poaceae), sorrels (Rumex acetosatype) and meadow buttercup (Ranunculus acris-type). Traditional taxa such as tormentil (Potentilla-type), ribwort plantain (Plantago lanceolata) and yarrow (Achillea-type) are recorded. Microscopic charcoal values are low.
Archaeology
Activity at two open rock shelters, one at Storesaetra and one at Vetledalsseter.
On-site pollen
High values of grasses, meadow buttercup and sorrels at V1, indicating grazing. (sites S1, S3C, S8,  V3A, V3B, V3C and V3D) 
Roman Iron Age and Migration Period (AD 1-570); extensive evidence of human activity
Pollen diagram
The highest birch (Betula) pollen values are found at the beginning of LPZ-2, followed by a rapid reduction and Table 2 . Stratigraphy of analysed layers: V3C: peat with charcoal 5-10 cm below surface; S4A: peat 0-6 cm (pollen samples 3, 4), decomposed silty peat 6-9 cm (pollen sample 5), charcoal-rich peat 9-18 cm (pollen samples 6, 7), clay and silt 18-25 cm (pollen sample 8), decomposed peat 25-27 cm (pollen samples 9, 10); S1: silty peat 2-8 cm (pollen samples 11, 12), grey silt 8-14 cm (pollen sample 13), brown silt with charcoal lenses 14-23 cm (pollen samples 14-16), charcoal 23-26 cm (pollen sample 17), decomposed silty peat 26-44 cm (pollen samples 18, 19); V1: clay and silt with charcoal 2-18 cm below surface; S3C: charcoal 7-12 cm below surface; S8: charcoal 8-11 cm below surface; V3D: peat rich in charcoal 7-13 cm below surface. general opening up of the forest. A marked decrease in elm (Ulmus) indicates pollarding and fodder collection. Continuously increasing percentages of microscopic charcoal and grasses (Poaceae), higher values of the bilberry group (Vaccinium) than in zone 1 and presence of several trivial and traditional grassland species all indicate increased human activity and grazing.
Archaeology
Human activity both at open sites and rock shelters at Storesaetra and Vetledalsseter.
On-site pollen
High values of grasses and several trivial species at two sites at Storesaetra (S3C, S8), and trivial and traditional species and dung spores present at Vetledalsseter (V3D), show the existence of pastures in both areas. A decrease in tree pollen at S1 (from sample 18 to 17) indicates opening of the forest.
Merovingian Period (AD 570-800); some evidence of human activity (sites V2C, V3B, S6 and S7)
Pollen diagram LPZ-3 shows a succession of heather (Calluna) and birch (Betula) encroachment. Grasses (Poaceae), meadow buttercup (Ranunculus acris-type), sorrels (Rumex acetosatype) and microscopic charcoal are all reduced. There is a distinct increase in peat mosses (Sphagnum) and some increase in meadowsweet (Filipendula) and willow (Salix). LPZ-3 reflects a period of less utilisation of the area.
Archaeology
Human activity at Storesaetra and Vetledalseter in the Late Iron Age.
Viking Period and early to high Medieval Period (AD 800-1350); summer farming activity (sites S1, S6 and S9) Pollen diagram
In LPZ-4, a reduction in birch (Betula) and expansion of grasses (Poaceae) and several traditional and trivial grassland species take place. In the upper part of the zone (high medieval), grasses completely dominate the pollen record, and traditional and trivial grassland species are recorded. Palynological richness is at its highest in this zone, but shows a decrease in the upper grassdominated part. Charcoal has high values with a maximum around 40%.
Archaeology
A dwelling feature with massive cultural layers, S6, indicates more permanent activity than in the previous period, probably related to summer farming and exploitation of secondary products. S9, dated to the high medieval period and found in the pasture in front of the summer farm buildings, is a more elaborate house structure than S6, having marked stone walls and a partial stone floor.
On-site pollen
One pollen sample, completely dominated by grasses, from S1 (sample 16) may indicate hay storage in this period. Period (AD 1350-1537) ; reduced activity
Late Medieval
Pollen analysis
In LPZ-5, expansions of peat mosses (Sphagnum), sedges (Cyperaceae) and birch (Betula) take place. There is a decrease in grasses (Poaceae), but they still have relatively high values. Trivial and traditional herbs are present, but only low values of microscopic charcoal.
Archaeology
No evidence. (sites S1, S2, S4A, V1, V2A, V2B, V2C, V3C,  V5 and V6) Pollen diagram LPZ-6 has an increase in microscopic charcoal and a decrease of trees (mainly birch (Betula)). Grasses (Poaceae) regain high values and a varied herb flora is present with traditional and trivial herb species. Palynological richness is high. Sedges (Cyperaceae) increase continuously during the zone. At the top of the zone, dwarf-shrubs have high values, as well as parsley fern (Cryptogramma crispa).
Post-Medieval Period (AD 1537-1950); extensive use of the valley
Archaeology
Charcoal layers of up to 10 cm thickness are found in the upper part of the profile at many sites, reflecting human activity in the sixteenth to twentieth centuries both at Storesaetra and Vetledalsseter.
On-site pollen
Clearance of birch (Betula), alder (Alnus), rowan (Sorbus) and hazel (Corylus) indicated at S4A. Grasses and trivial species dominate at other sites (S1, V3C). High values of dung-indicator fungal spores are found in the most recent samples from S1 (samples 12, 11) and S4A (samples 4, 3) . At Vetledalsseter, trivial species indicate grazing and thickwalled pollen grains of birch and alder indicate burning.
Recent time (1950-present day); summer farming ended, grazing continued Pollen diagram
In LPZ-7, tree pollen increases, indicating forest expansion, which is also documented in increased tree cover in aerial photos (Figure 7) . Sedges increase, whereas most other herb and grass pollen display a marked reduction in this zone. Trivial herbs dominate in the pasture at Storesaetra.
The two maps of Erdalen in 1967 and 2005 show a marked decline in open areas at Storesaetra and Vetledalsseter, respectively, during this time period (Figure 7) . It also shows that the tree cover has increased from 10% to 25% to more than 75% on the south-west facing slopes in the valley as a whole. In the same period, we see a decrease in the number of sheep and goats grazing in the valley, with a near-absence of these animals in the last 10 years (Figure 8 ).
Summer farming with dairy cattle ended c. 1960, and with this also the utilisation of the forest for winter fodder and firewood. In the twentieth century, both summer farming, with butter and cheese production, and milk production, where milk was transported down to the main farms daily, were carried out (Berge 1989) . Until 1960, dairymaids stayed at the summer farm from 24 June to the beginning of September. Butter and cheese (Norwegian 'gammelost') were produced, especially in the beginning of the summer when the milk production was at its highest.
We have no information on the volume of winter fodder collected, but according to Berge (1989) , birch branches and twigs were collected in the mountain sides behind Storesaetra, dried and thereafter put on stacks during summer, before it was transported down to the valley in winter. From some areas, the dried branches were taken directly to the farms. Firewood was collected in the same area and was needed during the months when people stayed at the summer farms. Some firewood was also brought down to the farms, but according to the land owners the amount of firewood taken out after 1950 is low. The rights to the forest in the summer farm area were divided between the farms in 1729 (Borchgrevink 1978; Berge 1989) , indicating the importance of the wood. Also outlying hay meadows are mentioned in 1729. Grass was cut and hay meadows existed on several small places in the steep mountain sides, also behind the buildings at Storesaetra and above the path between Storesaetra and Vetledalsseter (Berge 1959 (Berge , 1989 . Figure 1a) . The hay was dried and transported to the farms. Hay-cutting in the summer farm area came to an end before 1940. Although hay production has been important, the large grassland at Storesaetra used as pasture today was also reserved for cattle grazing in earlier times. In 1877, Figure 8) . Although they were kept (and milked) at the main farm, they grazed in the mountain sides also above the summer farm area in Erdalen through the whole summer. Goat grazing came to an end in 2006, with a gradual decrease in the number of animals from 1980 (information from landowner).
In 1838, the farmers in Erdalen bought a neighbouring valley as pasture land. From 1896, Tjellaug and Greidung should only use Vetledalsseter and sheep were allowed to graze in Vetledalen and in the mountains above the tree line (cf. Figure 8 ). There are also some uncertainties in the number of sheep in the valley altogether and some of the sheep owned by the farmers at Storesaetra may have grazed also in Erdalen.
The importance of cows and milk production in Erdalen is reflected in the agreements from 1877 and 1896 as well as in the taxes from the seventeenth century (Table 3) , mainly given in butter.
When a new road was finished in 1978, the animals could easily be transported to the neighbouring valley, resulting in nearly only cattle grazing in Erdalen.
Discussion
Utilisation of the valley in a long-term perspective
So far the earliest signs of human activity in the study area are dated to the Bronze Age. It is likely, however, that temporary sites from the Mesolithic or Neolithic might be recognised in the future. Short-term visits produce little waste and hardly influence the vegetation, but might reflect long-term traditions of importance for the understanding of later pastoral activity in the inland areas of western Norway, in general, and Erdalen, in particular.
The pollen diagram from the bog shows the development from c. 2000 BC at Storesaetra. The following 2000 years are characterised by dynamic fluctuations in the deciduous forest of birch (Betula), some rowan (Sorbus), alder (Alnus) and elm (Ulmus). Some cultural indicators, such as nettle (Urtica), sorrel (Rumex acetosa-type) and meadow buttercup (Ranunculus acris-type) were present at that time, indicating grazing by domesticated animals and some human activity. Development of grazed vegetation communities is indicated in the pollen samples from Vetledalsseter and supports an earlier investigation at Seltuftene, farther up in the valley (Kvamme 1988) . Although it is not known which activity charcoal in a rock shelter is related to -visits with the purpose of hunting and grazing are both possible -it is interesting that the first charcoal dates at both Vetledalsseter and Storesaetra coincide with changes in the pollen record that indicates the presence of domesticated animals. Moreover, this is in line with evidence of grazing in mountain areas east of Erdalen (Prescott 1991; Kvamme et al. 1992; Hufthammer 1995) , and it is reasonable to interpret the signs of human activity in Erdalen from this period as reflecting an agricultural society in the lower part of Erdalen that used the mountains for grazing during summer time.
An increased and probably more regular use of the area with forest clearance is seen in the Roman Iron Age. An open pasture/meadow existed between the bog and summer farm houses, and grazing indicators in S3C as well as a reduction in tree pollen in S1 reflect utilisation of a large area already at that time (Figure 1c ). The dry area was probably cleared and grazed, whereas the bog was still partly forested and covered by alder (Alnus).
For a short time during the Merovingian Period, increasing occurrences of heather (Calluna) and birch (Betula) with reduced registrations of charcoal and grasses indicate less utilisation of the Storesaetra area and probably the whole valley, although radiocarbon dates from four sites show that some activity took place. This phase of reduced activity is followed by extended activity, reflected both in palaeobotanical and archaeological data from the Viking and early/high medieval periods. The area close to or in the bog became more open than before and a peak in species richness seems to have developed, probably as a result of a mosaic of natural communities, pastures and possibly also hay meadows. The dominance of grasses in samples from the high medieval may be an indication that mowing took place (cf. Hjelle 1999) . This may be supported by a pollen sample from site S1, probably from this time period, which has extremely high values of grasses. Hay may have been stored under the boulder until it was brought to the lowland. Site S6, a deep pit found within a stone structure has four dates between AD 800 and AD 1000 ( Table 2) . It probably reflects a dwelling feature and indicates a change towards a more permanent use of the area. At several of our sites there are undated charcoal layers above the layers dated to the Early Iron Age, which might be from the Viking Period or medieval time, indicating the presence of additional sites from these time periods. A house remain dated to the thirteenth century is from the same time period as a previously dated house remain at Seltuftene (Kvamme and Randers 1982) . Altogether, the Late Iron Age and the first part of the medieval period seem to be times of intensive use of the valley. This is connected to a well-developed farming community in the lower part of Erdalen, probably resulting in development of summer farming in Erdalen.
A period of reforestation and reduced usage of the area (LPZ-5) probably reflects population decrease following the Black Death (c. AD 1350) and no archaeological sites are dated to the late medieval period. Later on, the pollen diagram indicates new clearance with high values of charcoal which may be connected to several charcoal layers from the late sixteenth to the early twentieth centuries. Increased activity in this period and utilisation of a larger area, including forest clearance near S4A (Figure 1c ), can probably be connected to the historical use of the summer farms. High values of grasses and meadow/pasture plants by the rock shelter, S1, also indicate storage of hay. Gathering of hay and leaf fodder from the outlying areas was important and necessary in order to feed the animals over the winter. Leaf fodder from twigs of birch was collected from the summer farm areas in recent times (Berge 1989 ) and elm (Ulmus) has been collected by the farms in the valley (Helle and Clemetsen 1993) . The decrease of elm in the bog pollen diagram (Figure 4 ) in the Early Iron Age probably reflects pollarding. This is further supported by an increase in elm simultaneous with the decreased activity in the area around AD 600, followed by a new elm decrease simultaneous to the extensive use in the following Viking Period. The value of leaf fodder is seen in the fodder equivalents, where one unit of subsistence fodder represents 1 kg barley or 2.2 kg leaf fodder (Helland 1901; Timberlid 1988: 38) . Generally, this fodder became less important in the twentieth century, but the open vegetation in Erdalen reflected in the pollen data from the seventeenth to the twentieth centuries and aerial photos from 1967 probably reflect the use of multiple resources from the outfields which provided firewood and extra fodder and thereby security for the farming community.
Thick layers rich in charcoal have been dated to the seventeenth century or later at several sites. These layers probably reflect several phases of burning which is further supported by a high degree of deformation of pollen grains, a character that has been connected to clearance by burning (Andersen 1993) . Charcoal found in some of the rock shelters is dated to the most recent centuries and may indicate the use of rock shelters for storage of charcoal. It is, however, not clear which purpose this potential storage had.
Grazing-dependent vegetation types in time and space
Based on the pollen data, it is reasonable to conclude that grassland plants were not common vegetation features in Erdalen prior to the introduction of domesticated animals in the valley. The vegetation investigations show that the number of species differs within grazed communities today. Both the highest number of traditional species and the highest total number of species were found in sites at some distance from the main pasture areas, where the grazing pressure was probably lower than in the main pastures by the farm houses. Vandvik and Birks (2004) found a similar pattern in Røldal, western Norway. The low number of traditional plant species near the summer farms in Erdalen today is probably caused by the use of these pastures as resting areas for the cattle and the resulting fertilization of the grasslands. This supports earlier investigations, showing high species richness of vascular plants in semi-natural habitats in European agricultural landscapes compared to fertilized habitats (Billeter et al. 2008) .
In earlier times, with different livestock species and breeds, the situation may have been different, as suggested by the high diversity of pollen types in the Viking Period and early medieval time. The Old Norse breeds of cattle and sheep used a high proportion of woody plants in their diet (Steinheim et al. 2005; Saether et al. 2006) . From the early twentieth century, changes in the breeds took place (Gjerdåker 2004 ) and the old livestock breeds might have had different impact on the vegetation in Erdalen than the livestock grazing there today. The traditional livestock breeds were lighter than modern breeds; for example, cows from the old west Norse cattle ('vestnorsk fjordfe') weighed on average 250 kg in 1900, compared to 550 kg for the most common modern breed in Norway today (Våre gamle husdyrraser 2007). Since the old breeds were smaller than the modern breeds, they produced less and needed less fodder. A cow gave ∼500 litres of milk (equals about 20 kg butter) a year or maximum 800 litre in the medieval time (Myhre and Øye 2002) and 1320 litre in 1900 (Statistics Norway 1994), compared to ∼7000 litre a year from a modern cow today (Statistics Norway 2012).
Increasing reforestation in Erdalen is visible between 1967 and 2005 ( Figure 7) . The pasture areas around the summer farmstead were still relatively open in 2005, particularly in Storesaetra. The most obvious explanation for this is that cattle grazing in the valley today prefer the easily accessible areas in the valley bottom, at the same time as grazing by sheep and goats have ceased (cf. Figure 8 ). This means a change from a feeding strategy with a high proportion of woody species to a more graminoid-dominated diet (Bjor and Graffer 1963; Nedkvitne et al. 1995) . Goats are able to transform shrubs and woodland to open land (Wehn et al. 2011 ) and they utilize a wider area than sheep and cattle (Nedkvitne et al. 1995; Natlandsmyr and Austad 2005) . This livestock must have played an important role in keeping large parts of Erdalen rather open. However, also hay-cutting and utilization of the forest have come to an end. Cutting of firewood stopped when summer farming with milk production stopped, and some years earlier, winter fodder harvest had ended. Altogether, this must have had an effect on the reforestation. Red deer (Cervus elaphus) has become abundant in west Norway after the decrease in livestock grazing in outland areas (Austrheim et al. 2008) . In Erdalen, an increase took place from the 1990s, and in 1998, 28 red-deer were shot (Dybwad 2001) . Some impact from red deer is most likely taking place also in Erdalen, but it is obvious from the landscape changes that grazing by red deer does not replicate the former impact of sheep and goats.
To sum up, the present situation in Erdalen seems to reflect on a smaller scale the broader scale situation in Europe. Some important challenges maintaining seminatural habitats are the intensification of agricultural land use in some areas, while marginal areas experience reforestation due to reduced use (Stoate et al. 2001; Hodgson et al. 2005; Niedrist et al. 2009 ).
Long-term perspective on management and conservation
Recently, we have witnessed a raised awareness of the importance of human-influenced semi-natural habitats for protection of biodiversity. In an upland landscape like Erdalen, cultural and natural heritage is highly interconnected; our data show a connection between the presence of traditional species in the most species-rich areas in Erdalen today and in the pollen data in periods when archaeological data document high human activity. Moreover, species richness of vascular plants tends to peak in areas with open semi-natural grasslands supposed to have lower grazing pressure than at the main summer farm pasture where the cattle are resting and leaving dung. Hence, our study supports the importance of human-influenced semi-natural habitats for protection of species richness (Billeter et al. 2008; Lingaard and Henriksen 2011) .
The interdisciplinary approach of the present investigation has made it possible to broaden earlier knowledge of the land-use history of the valley, to complement existing data on plant species richness and to show how past vegetation dynamics can guide possible future vegetation changes. Most of the cultural heritage is related to the pastoral use of the valley, including grazing, hay-making and the collection of leaf fodder and firewood, where mainly the grazing is visible today. Hence, the cultural heritage and past and present types of vegetation are interrelated.
As the cultural landscape of the valley has developed over more than 2000 years, a pertinent question is whether a management strategy should aim to maintain the landscape from a specific period of time. It may be argued that the landscape made over the last 200 to 300 years is the best documented because we have written sources about livestock types and numbers, we know the state of the buildings and some of the vegetation types were probably not that different from those still present at the summer farms. On the other hand, it may be argued from the pollen data that the diversity of vegetation types was higher during Late Iron Age and early medieval time. The distribution and types of cultural heritage at these times may indicate a somewhat different use of the valley compared to later, although it is also possible that houses from these periods were situated in the same place as the houses today and the documented house remains reflect utilisation of a larger area.
When it comes to conservation and management, it may not be constructive to focus on one particular period of time. A successful plan of management should consider the total effect of past land use over time and try to maintain the overall heritage of the valley by optimising the diversity of habitats and vegetation and avoid damage or encroachment of the cultural heritage. Compared to the present-day management based solely on cattle grazing, this may require the re-introduction of sheep and some goats, in addition to the cattle. Traditional breeds of livestock have proved to have a more varied grazing habit and could preferably be used instead of the modern breeds kept by farmers today. Another type of traditional use of the valley is hay-making that could be re-introduced to some of the meadows where it was likely carried out in the past as well as small-scale cutting of firewood. Hay-making implies, however, a management which is not easily carried out within a modern farming community.
For the management of cultural heritage, grazing has kept the vegetation open and thereby also the visibility of rock shelters which have been used for more than 2000 years. Moreover, archaeological sites documented 30 years ago are easily recognised and even descriptions of details on a local level are still highly valid due to hardly any overgrowth. The situation therefore seems to be rather stable, judging from the perspective of the last three decades. The question is whether this might change in the near future due to, for example, changes in the climate and the intensity of grazing. Today, there seems to be a high level of consensus among the farmers in the lower Erdalen community to keep up the more or less traditional grazing by sheep/goats and cattle (cf. Fagerheim et al. 2011) . There are some restrictions in the use of goats and sheep today, leaving some areas to be dominated by cattle grazing. If grazing by cattle is intensified, the quality of the more fragile archaeological sites, such as the pits or house remains, could be reduced since heavy trampling animals might impact the soil and turf. Protection of archaeological sites therefore points in the same direction as biodiversity protection: mixed livestock grazing is preferable to exclusive cattle grazing. Maintenance of habitats through nature management is therefore important also for cultural heritage management.
In this study, the upland valley and summer farm areas were analysed through different disciplinary approaches, including vegetation ecology and palaeoecology, as well as archaeology and more recent cultural history. The interdisciplinary approach encompasses discussions and co-ordination throughout the study, including combined field work. Such joint discussions and deliberations are vital for the resulting conclusions and management recommendations.
